3rd ESTRO Forum 2015 S197 shallow depths with a Markus parallel plate ionization chamber (PTW, type 23343). Second, the rotation of the Xray tube was implemented in the MC code to mimic the volumetric (3D) acquisition mode, whose dosimetric validation is currently undergoing. Results: Dose measurements and MC simulation are in agreement: a passing rate greater than 95% and 82 % was observed for depth dose curves and dose profiles respectively, for local gamma-index criteria of 2%/2 mm (cf. Fig. 1.) .
Purpose/Objective: To perform the first simulations of respiratory-gated 4DCT with an emphasis on lung image quality, which is important in performing dose calculations based on accurate estimates of lung volume and structure. We developed a novel simulation framework incorporating the digital eXtended Cardiac Torso (XCAT) phantom driven by patient tumor motion patterns. Materials and Methods: Our simulations encompass three 4DCT acquisition modes featuring different levels of respiratory feedback: (i) 'conventional' 4DCT that uses a constant imaging and couch-shift frequency, (ii) 'beam paused' 4DCT that interrupts imaging to avoid oversampling at a given couch position and respiratory phase, and (iii) 'respiratory-gated' 4DCT that triggers acquisition only when the respiratory motion fulfills phase-specific displacement gating windows based on pre-scan breathing data. 8 lung cancer patients (14 fractions) with tumor motion displacement >5mm were selected for simulations and image quality was compared with the ground truth in terms of clinically relevant measures of lung image quality: thresholdbased lung volume error, Dice similarity, false-positive and false-negative ratios. Moreover, acquisition time and the relative imaging dose (i.e. number of acquired images normalized to conventional method) were calculated. Results: Averaged across all simulations and phase bins, respiratory-gating leads to small, but significant (p<0.02) reductions in lung volume errors (1.8% to 1.4%), false positives (4.0% to 2.6%) and false negatives (2.7% to 1.3%), fig. 1(a-d) . For a typical 6 L lung, these percentage reductions correspond to gating reducing image artifacts by 24-90 cm3 of lung tissue. Similar to earlier studies, gating reduced patient image dose by (11.1±9.2)%, but with scan time increased by up to 135%. Beam paused 4DCT did not significantly impact normal lung tissue image quality, but did yield similar dose reductions as for respiratory-gating, without the added cost in scanning time. Purpose/Objective: In radiotherapy deformable image registration is currently used in an increasing number of settings. It offers the possibility to obtain realistic deformations in contrast to only rigid registration, but current algorithms lack of physiological modelling. By extending these information, registration accuracy, and more important, registration acceptance is improved. In this work we extend a variational registration framework with an additional local rigidity model that allows a rigid deformation for inflexible structures like bones combined simultaneously with a free deformable deformation on soft tissue.
Conclusions

Materials and Methods:
The new approach is based on a non-Demon nonlinear strategy, i.e. a powerful registration framework [FAIR: Flexible Algorithms for Image Registration, Modersitzki, J., SIAM, 2009 ]. We add anatomical information to the algorithm that allows and guarantees certain parts of the deformation to become rigid only, but without any additional parameters. The information is provided through available segmentations of e.g. bones or prostate on the planning CT. We use a constraint elimination approach, so standard methods for optimization can be used. The approach is implemented in a parallelized and also memory efficient way introducing an algorithm that allows the calculation within few minutes.
Results: The algorithm was tested primarily on CT and CBCT pelvis datasets, where bones and prostate CTV structures were kept rigid. We propagated the contours of bones, prostate and bladder and compared them to manual segmentations on the CBCT. Here, we compared the new algorithm to standard CT-CT registration from Varian's SmartAdapt. Both achieved an average DICE value of 0.85 +/-0.08 and 0.84 +/-0.07, respectively. As shown in figure 1 the new algorithm leads to realistic results and improves the feasibility of the propagated structures.
The figure presents the results of propagated bladder and prostate structures on the CBCT image, using the standard CT-CT registration algorithm from Varian's SmartAdapt (blue) and the newly developed algorithm (red). In the shown three cases, the standard algorithm produces extreme distortions, such that results are non-feasible, while using the new algorithm always leads to plausible results.
Conclusions:
The new approach guarantees rigid deformations in selected areas and so it improves the physical plausibility of the deformation field. By adding these anatomical information to the overall registration model the new method combines the best of two worlds: it deforms selected structures rigidldy but embedded in a global, smooth and nonlinear way. So it helps to increase clinical acceptance of deformable registration while still maintaining accurate results.
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